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Both CD46 and signaling lymphocytic activation molecule (SLAM) have been shown to act as cellular
receptors for measles virus (MV). The viruses on throat swabs from nine patients with measles in Japan were
titrated on Vero cells stably expressing human SLAM. Samples from all but two patients produced numerous
plaques on SLAM-expressing Vero cells, whereas none produced any plaques on Vero cells endogenously
expressing CD46. The Edmonston strain of MV, which can use either CD46 or SLAM as a receptor, produced
comparable titers on these two types of cells. The results strongly suggest that the viruses in the bodies of
measles patients use SLAM but probably not CD46 as a cellular receptor.

Measles virus (MV) is an enveloped negative-strand RNA
virus of the Morbillivirus genus in the Paramyxoviridae family
(4). Measles remains an important cause of childhood mortal-
ity, with approximately one million deaths per year worldwide
(2), mainly due to secondary infections caused by MV-induced
immunosuppression (4). Human CD46 has been shown to be a
cellular receptor for vaccine strains of MV, such as the Ed-
monston strain (3, 10). However, wild-type MV strains that are
commonly isolated in marmoset B-cell line B95a or human
B-cell lines usually do not use CD46 as a receptor (5–7, 14, 15,
18), although a study has reported that MV strains isolated
from and propagated only in human peripheral blood mono-
nuclear cells (PBMCs) use CD46 as a receptor (9). We have
recently demonstrated that signaling lymphocytic activation
molecule (SLAM; also known as CDw150) is a cellular recep-
tor for MV, including the Edmonston strain, B95a-isolated
strains, and PBMC-isolated strains (20). Thus, some MV
strains use SLAM but not CD46 as a receptor, and others, such
as the Edmonston strain, use either SLAM or CD46. The type
of MV strain obtained depends on the cell types used for virus
isolation. In this study, we sought to quantitate the proportions
of these two types of MV in measles patients.

Vero cells are susceptible to the Edmonston strain but not to
B95a-isolated MV strains (6, 18). In order to titrate B95a-
isolated MV strains on Vero cells, we transfected them with
the expression plasmid encoding human SLAM (pCAG-
hSLAM) (12) and the vector plasmid pCXN2 (11) containing
the neomycin resistance (neo) gene; we selected stable clones
in the presence of G418. We used the clone expressing the
highest level of human SLAM (Vero/hSLAM) in the following
experiments.

The expression profile of Vero/hSLAM cells stained with

anti-human SLAM monoclonal antibody IPO-3 (Kamiya Bio-
medical) (17) is shown in Fig. 1A. Vero/hSLAM cells were
infected with the B95a-isolated KA strain of MV (18–20) at a
multiplicity of infection of 0.1. At 24 h after infection, they
developed extensive syncytia (Fig. 1B), unlike the parental
Vero cells (6, 18). Then, we used Vero and Vero/hSLAM cells
for plaque titration of the KA strain. Vero/hSLAM cells de-
veloped clear plaques after infection with the KA strain,
whereas Vero cells inoculated with the same amount of the
virus did not show any plaques (Fig. 1C).

We next compared MV titers on Vero/hSLAM cells with
those on Vero cells. B95a cells and Chinese hamster ovary
(CHO) cells stably expressing human SLAM (CHO/hSLAM)
(20) or human CD46 (CHO/CD46) (19) were also used for the
titration. Vero, Vero/hSLAM, CHO, CHO/CD46, and CHO/
hSLAM cells (5 3 105 cells per well) were seeded in six-well
plates on the day before infection and then inoculated with 0.5
ml of the Edmonston or KA strain of MV appropriately di-
luted in phosphate-buffered saline containing 5% fetal bovine
serum. At 1 h after infection, the cells were overlaid with 3 ml
of medium containing 0.5% agarose and then incubated at
37°C in a 5% CO2 incubator. At 3 days after infection, the cells
were fixed with formaldehyde and stained with crystal violet.
After washing, the numbers of plaques were counted, and PFU
per milliliter were calculated. B95a cells were plated in 96-well
plates and then infected with the Edmonston or KA strain, and
50% tissue culture infective doses (TCID50) were determined
at 3 days after infection. Since B95a cells do not firmly adhere
to plates, it is difficult to perform plaque titration accurately
using them. Therefore, we determined TCID50 rather than
PFU on B95a cells (6, 19).

Table 1 shows the titers obtained on the different types of
cells when the same stock of the Edmonston or KA strain was
used. The Edmonston strain produced comparable titers on all
cell lines except for CHO cells, on which no plaques were
produced. The B95a-isolated KA strain produced comparable
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titers on Vero/hSLAM, CHO/hSLAM, and B95a cells but pro-
duced no plaques on Vero, CHO, and CHO/CD46 cells, as
expected from its tropism.

We next determined the titers of viruses on throat swabs
from nine patients with measles using Vero and Vero/hSLAM
cells. CHO/CD46, CHO/SLAM, and B95a cells were also used
for some patients. All of these patients had visited Kitakyushu
Municipal Medical Center, Kitakyushu, Japan, in 2000 and
were clinically diagnosed as having measles. Throat swabs were
collected in 2 ml of phosphate-buffered saline within 3 days
after the onset of rash and were stored at 280°C until the
titrations were performed. The cells were inoculated with 0.2

ml of throat swabs from individual patients, and titrations were
performed as described above. Table 1 shows the titers deter-
mined on the different samples. None of the samples produced
any plaques on Vero cells. In contrast, samples from seven
patients produced between 500 and 19,000 plaques per ml of
inoculum on Vero/hSLAM cells (titrations were performed in
duplicate). When CHO transfectants and B95a cells were used,
the results were consistent with those obtained on Vero and
Vero/hSLAM cells. Two samples neither produced any
plaques on Vero/hSLAM cells nor caused any cytopathic ef-
fects in B95a cells. Considering that the Edmonston strain,
which can use either CD46 or SLAM as a receptor, produced

FIG. 1. Characterization of Vero/hSLAM cells. (A) Vero/hSLAM cells were stained with IPO-3 (thick line) or a mouse immunoglobulin G1
(IgG1) control antibody (thin line), followed by staining with fluorescein isothiocyanate-labeled anti-mouse IgG. The stained cells were analyzed
on a FACScan machine (Becton Dickinson). (B) Vero/hSLAM cells were either uninfected or infected with the KA strain of MV and observed
under a microscope at 24 h after infection. (C) The diluted stock of the KA strain was titrated on Vero or Vero/hSLAM cells. At 3 days after
infection, plates were stained with crystal violet and photographed.

TABLE 1. MV titers determined on different cell lines

Sample
MV titera on cell line:

Vero Vero/hSLAM CHO CHO/CD46 CHO/hSLAM B95a

MV strain
Edmonston 4.0 3 106 6.3 3 106 0 1.8 3 106 2.1 3 106 6.3 3 106

KA 0 1.8 3 106 0 0 5.0 3 105 3.2 3 106

Throat swab from patient
1 0 3.6 3 103 0 0 8.0 3 102 4.6 3 103

2 0 3.1 3 103 0 0 8.4 3 102 3.7 3 103

3 0 3.3 3 103 0 0 1.5 3 103 6.3 3 103

4 0 1.9 3 104 ND ND ND ND
5 0 5.0 3 102 ND ND ND ND
6 0 7.1 3 102 ND ND ND ND
7 0 6.3 3 103 ND ND ND ND

a Reported as PFU per milliliter, except for B95a cells, for which titers are reported as TCID50 per milliliter. ND, not done.
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comparable titers on Vero and Vero/hSLAM cells or on CHO/
CD46 and CHO/hSLAM cells, the proportion of the viruses
which use CD46 as a receptor is at least 2 to 4 log units lower
than the proportion of viruses which use SLAM only as a
receptor.

This study indicated that the viruses in the bodies of measles
patients, at least from a single outbreak, use SLAM but not
CD46 as a receptor. This result is consistent with previous
observations that with B95a cells, one can quickly and effi-
ciently isolate MV from clinical specimens, whereas with Vero
cells, the successful isolation rate is low and several blind
passages are usually necessary (4, 6). On the other hand, a
single amino acid substitution of the hemagglutinin at position
481 to tyrosine (1, 5, 7, 16, 21) or at position 546 to glycine (13,
16) may enable MV strains that use SLAM only as a receptor
to interact with CD46. Viruses with such amino acid changes
are easily generated during replication in measles patients, and
once produced, they should be able to infect almost any cells in
the body because CD46 is ubiquitously expressed (8). Al-
though this study did not detect such viruses in the throat, they
may exist in other organs or tissues, accounting for the patho-
genesis of measles. In fact, Manchester et al. have reported
that MV strains which were isolated by coculturing PBMCs of
measles patients with human PBMCs and then propagated
only in PBMCs use CD46 as a cellular receptor (9). However,
we have demonstrated that even these PBMC-isolated strains,
which did not efficiently replicate in CHO/CD46 cells (9),
caused strong cytopathic effects in CHO/hSLAM cells (20),
indicating that SLAM serves better as a receptor for these
strains than CD46.

In view of our present results, we propose that the in vivo
propagation of viruses that use CD46 as a receptor is sup-
pressed by an unknown mechanism(s). Thus, the usage of
CD46 as a receptor by the Edmonston and PBMC-isolated
strains may be an in vitro adaptation rather than the in vivo
property of the progenitors of those strains. At any rate, the
viruses in the throat of a measles patient are transmitted to
other susceptible people; therefore, viruses that use SLAM as
a receptor are important in the pathogenesis and epidemiology
of measles as they first enter the body and transmit the disease.
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